S epsis is the leading cause of death in intensive care units in the United States and Europe. 1 By initiating a systemic inflammatory response, microorganisms trigger widespread activation of multiple pathophysiologic processes that result in either survival or death of patients. Noninfectious etiologies can trigger similar inflammatory processes. Despite diverse infectious and noninfectious etiologies, the systemic inflammatory response syndrome (SIRS) appears phenotypically and clinically similar irrespective of the initiating insult. Although SIRS is an integral component of sepsis, 71.5% of critically ill patients with SIRS are not infected. 2 The diversity of the initiating insults and the similarity of inflammatory response suggest a diversity of recognition capabilities but a commonality of response pathways.
Functional genomics allows identification of complex pathways and interactions between gene expression products that provides insight into processes beyond their clinical appearance. Single cell signaling stimuli can define complex cellular pathways but multicellular and whole organism systems require an understanding of complex interrelationships, both structurally and temporally. These complex interrelationships are based on numerous individual components, diffuse interconnectivity between components, differences in spatio-temporal relations, and complexity in signaling network control interactions. 3 A reductionist approach to cell signaling networks provides components. The broader analysis of interactions and relationships with other signaling pathways yields further understandings of functionality. Attempts at applying these techniques to sepsis have elucidated a highly complex but integrated response. 4 Lacking is information on distinguishing pathways related to acute uninfected inflammation from those unique to sepsis.
The purpose of this study was to evaluate for differences in gene expression between critically ill SIRS patients who remain uninfected and those that become septic. We further sought to evaluate if those differences would occur prior to the clinical appearance of sepsis.
METHODS
The study was approved by the Institutional Review Board of the University of Maryland School of Medicine. Adult critically ill uninfected trauma patients with at least 2 of 4 standard SIRS criteria 5 (Table 1) were enrolled if they were not immunocompromised or receiving antibiotics (Table 2). These SIRS patients were prospectively evaluated for development of clinical sepsis and divided into 2 groups: 1) uninfected SIRS, SIRS patients who remained uninfected during the study; and 2) preseptic SIRS, SIRS patients who developed clinical sepsis during the study. Sepsis diagnoses were based on the standard clinical criteria for both SIRS and sepsis patients. 6, 7 Data on site of infection and type of organisms causing sepsis were collected, but the purpose of this study was to compare sepsis from all causes with uninfected sterile inflammation.
For uninfected SIRS patients, blood was collected daily until ICU discharge (up to 14 days). For preseptic SIRS patients, blood was collected daily until 3 days after conversion to sepsis (up to 17 days). Whole blood was collected into PAXgene (PreAnalytiX, Switzerland) tubes. Standard RNA isolation was performed with whole blood samples and applied to a PAXgene RNA spin column, allowing RNA to bind to a silica-gel membrane. Protocol details are on manufacturer's website. 8 After total RNA stabilization occurred, tubes were frozen at Ϫ80°C until analyzed. Patient demographics, sepsis risk factors, APACHE II and SOFA scores at time of entry, daily vital signs, complete blood counts, and concomitant medications were collected.
Patients assigned to the preseptic group required fulfillment of all the following criteria for the clinical diagnosis of sepsis: 1) the presence of an invasive infection as determined by either positive microbiologic culture in an otherwise sterile location or direct visualization of perforated or necrotic bowel; 2) the continued presence of 2 or more SIRS criteria; and 3) the invasive infection was considered sufficiently significant to require a clinical therapeutic intervention (antibiotics and/or surgical procedure) to be initiated as determined by consensus of an infectious disease attending, a surgery attending, and a critical care attending. This clinical diagnosis of sepsis for all sites of infection was based on the definition of clinical sepsis requiring significant microbiologic evidence, systemic manifestations, and a specific associated therapeutic intervention and was not dependent on specific site of infection definitions. To compare patients by similar severity of disease, and since preseptic patients converted to sepsis at varying time points after enrollment, all preseptic patients were retrospectively normalized, using their clinical conversion to sepsis as the normalization point (T0). Clinical sepsis conversion time (T0) was defined as the specific time point when the presence of an invasive infection in an otherwise sterile location was identified (by culture or direct visualization) that resulted in an associated therapeutic intervention. Blood obtained at 4 distinct time points prior to sepsis conversion were analyzed: day of study entry (DOE), 0 to 24 hours before sepsis conversion (T12), 25 to 48 hours before sepsis conversion (T36), and 49 to 72 hours before sepsis conversion (T60). For the SIRS patients who never converted to sepsis, samples were time matched to clinically similar preseptic patients, based on demographic information, continued presence of SIRS, and elapsed time in the study.
Gene Chip Expression Analysis
Blood samples were analyzed using the Affymetrix U133A 2.0 microarray. A globin blocking technique was used to counter globin mRNA signal suppression noted with PAXgene tubes and these microarrays. 9,10 RNA isolation, hybridization, and microarray analysis were performed by GeneLogic (Gaithersburg, MD). Protocol details are available on their website. 11 Data were quality controlled and analyzed using both RMA and MAS 5 programs.
Statistical Analysis of Data
Analyses were performed comparing the preseptic group to the SIRS group at each time point. Gene expression median fold changes underwent Box-Cox procedure transformation based on best score. Any missing variables were imputed using the imputation scheme implemented in the "pamr" package. 12 Univariate analysis was performed by Wilcoxon rank sum test with P values adjusted for multiple comparisons using the Benjamini-Hochberg procedure. 13 The adjusted P values represent the maximum false discovery rate for that variable. Multivariate predictive analysis was subsequently performed using 4 methods: Prediction Analysis for Microarrays (pamr) 14 recursive partitioning (rpart), 15 gradient boosting (gbm), 16 and random forest. 17 Each method provides a measure of variable importance. For each method, predictive accuracy was estimated by 10-fold cross-validation.
Assignment of Genes to Pathways
Pathway assignment was performed only on probes meeting strict acceptance criteria. Acceptance criteria required all of the following: 1) statistical significance on univariate analysis (false discovery rate corrected P value Յ0.025); 2) inclusion in at least one multivariate model; and 3) had a Ն1.2-fold change in median expression, increased or decreased, between the preseptic and uninfected groups. The 1.2-fold change threshold was chosen since this amount of change by the methods used was determined for selected genes to be associated with approximately 2.0-fold change by RT-PCR. Probes meeting acceptance criteria were uploaded into DAVID 2.0 18, 19 for pathway inclusion and annotation to known KEGG 20, 21 and Biocarta 22 pathways. Only pathways with genes overrepresented compared with random chance as identified using EASE analysis (significance at the P Ͻ 0.1 level) were selected.
RESULTS
Ninety SIRS patients were enrolled in the study, 45 in each group of preseptic SIRS and uninfected SIRS. At study entry, all patients were in an intensive care unit and similar in age, gender, ethnicity, and APACHE II score ( Table 3 ). The time from study entry to T0 was 7.15 Ϯ 3.10 and 7.04 Ϯ 3.45 days in the preseptic and uninfected groups, respectively. During the 24 hours prior to the T0, patients demonstrated the physiologic variables shown in Table 4 . Pneumonia and bacteremia were the most common sites of infections (Table  5 ) and gram-negative bacteria were the most frequent organisms ( Table 6 ).
Of the possible 54,613 probes evaluated by the Affymetrix microarray, 12,782 (23.4%) unique probes were significantly differentially expressed on univariate analysis between groups during the 0 to 48 hours prior to clinical sepsis (T12 and T36 time points). These 12,782 probes, representing 7453 unique genes, contained 626 probes that met all acceptance criteria. Using David 2.0 analysis, 578 (92.3%) probes representing 459 unique genes were amenable to annotation into specific pathways. Of the 459 unique genes, 65 (14.2%) were down-regulated (22 at T36 and 43 at T12), and 394 (85.8%) were up-regulated (34 at T36 and 360 at T12).
The 459 unique genes were annotated into 11 distinct pathways. Ten of these pathways are closely associated with inflammation and the 11th involved the ubiquitous nicotinate-nicotinamide metabolism pathway (EASE, P value ϭ 0.09). By grouping the pathways involved in inflammation into common themes, 4 discernible themes became apparent:
Innate Immunity
There were 2 pathways and 24 unique genes found associated with innate immunity.
Toll-Like Receptor (TLR) Pathway
There were 17 differentially expressed genes in this pathway, 15 up-regulated and 2 down-regulated (EASE, P ϭ 0.008) ( Table 7) . Genes involved with TLR2, TLR4, and TLR5 were differentially expressed up to 48 hours prior to the onset of clinical sepsis. Increased gene expression for key recognition receptors of both gram-negative (TLR4 and MD2) and grampositive bacteria (TLR2 and PGLYRP1) was noted.
Mitogen-Activated Protein Kinase (MAPK) Signaling Pathway
There were 11 differentially expressed genes in this pathway; all 11 were up-regulated (EASE, P ϭ 0.07) ( Table 8 ). All differential gene expression occurred at the T12 time point, except IL1R2 and MKNK1, which occurred only at T36. Upregulation of the MAPK14 (p38) occurred at both T12 and T36 time points consistent with early and sustained activation.
Cytokine Receptors
There were 3 pathways and 25 unique genes specifically associated with cytokine receptors. 
IL-22 Soluble Receptor Signaling Pathway
There were 4 differentially expressed genes in this pathway: 3 up-regulated and 1 down-regulated (EASE, P ϭ 0.01) ( Table 9 ). The IL-22 signaling pathway is closely associated with IL-10 signaling and shares common receptors. The gene expression for the IL-10 receptor was downregulated. Increased downstream JAK/STAT pathway gene expression was noted beginning at T36 and continuing through T12. Marked increased gene expression for SOCS 3 was noted, suggesting attenuation of cytokine production.
Cytokine-Cytokine Receptor Interactions
There were 15 differentially expressed genes in this pathway: 12 up-regulated and 3 down-regulated (EASE, P ϭ 0.02) ( Table 10 ). The broad pathway describing cytokines and their receptors was predominantly associated with upregulation of cytokine receptors. Specifically increased gene expression for the IL-1/IL-18 receptor family and interferon receptors was present with IL-1 receptor gene expression manifested earliest at T36. Receptor down-regulation was only noted for IL10R and colony stimulating factor-1. Cytokine ligand gene expression was more diverse and unfocused. Ligands were up-regulated except for early down-regulation of the effector ligand, CCL5.
Signal Transduction Through IL-1R
There were 10 differentially expressed genes in this pathway; all 10 were up-regulated (EASE, P ϭ 0.03) (Table  11 ). This pathway involves the transmembrane IL-1 receptor and associated downstream intracellular signaling. As would be expected by the close association between TLR and IL-1R, similar gene expression for multiple overlapping intracellular signaling genes was found.
T-Cell Differentiation
There were 3 pathways and 10 unique genes that were associated with T helper cell differentiation.
Chaperones Modulate Interferon Signaling Pathway
There were 3 differentially expressed genes in this pathway; all 3 were up-regulated (EASE, P ϭ 0.03) (Table  12 ). Chaperones are intracellular proteins designed to conformationally transform and transport key signaling proteins to their appropriate structure and cellular location. Interferon receptors and the associated JAK 2 kinase were up-regulated as was the TAX binding scaffolding protein LIN 7A. 
T H 1/T H 2 Differentiation Pathway
There were 4 differentially expressed genes in this pathway; all 4 were up-regulated (EASE, P Ͻ 0.05) ( Table  13 ). The differentiation of naive T helper cells toward specific T helper cell subsets is dependent on key cytokines and cytokine receptors. Increased gene expression for interferon gamma receptors and interleukin 18 receptor are noted and consistent with T H 1 cell differentiation, while increased IL 4 receptor gene expression is consistent with T H 2 cell differentiation. IL-18 receptor and, to a lesser degree, IL-4 receptor gene expression, was increased at the T12 and T36, suggesting preferential T H 1 cell differentiation.
IL-12 and STAT4 Dependent Signaling Pathway in T H 1 Development
There were 5 differentially expressed genes in this pathway; all 5 were up-regulated (EASE, P ϭ 0.05) (Table  14) . Consistent with other pathways promoting T H 1 development, gene expression was up-regulated for this pathway, occurring as early as T36 hours for MAPK14 and IL18R1. Although neither IL-12R nor STAT4 was differentially ex-pressed, other components of the pathway, including JAK2, MAP2K6, MAPK14, and STAT5, were up-regulated. Activation of this pathway leads to increased IL-18R expression, which was noted at both T12 and T36 time points.
Protein Synthesis Regulation
There were 2 pathways and 25 unique genes associated with protein synthesis.
Apoptosis Pathway
There were 21 differentially expressed genes in this pathway: 20 up-regulated and 1 down-regulated (EASE, P ϭ 0.01) ( Table 15 ). The complexity of cell death and survival, highlighted by the largest number of genes represented, demonstrates paradoxical pro-apoptotic and anti-apoptotic gene expression. Increased pro-apoptotic gene expression occurred with death domain receptor activation (FAS/ TNFSF10 ligand, TIFA, IL-1R/IRAK, STKs, caspase) and direct activation of pro-apoptotic proteins (GADD45A, Calpain, BIK). Increased anti-apoptotic gene expression was related to NF-␤1 (including GADD45B) and PI3K. All apoptosis pathway genes were up-regulated at T12 except the apoptosis inhibitor, TOSO, which was the only down-regulated gene and the only gene differentially expressed at T36.
Regulation of eIF-4E and p70 S6 Kinase Pathway
There were 6 differentially expressed genes in this pathway; all 6 were up-regulated (EASE, P ϭ 0.06) (Table  16 ). This pathway has an important role in mRNA translational regulation. The eIF-4E and eIF-4G subunits comprise the functional eIF-4F translational protein and both had increased expression. Activation of eIF components is via PI3K and MAPK14/MKNK1, which were up-regulated.
RT-PCR Confirmation
Among the unique genes annotated to pathways, select genes underwent RT-PCR confirmation to validate expression concordance. All demonstrated directional expression concordance, but variance in magnitude existed. Not surprisingly, RT-PCR demonstrated a greater magnitude of fold change than the Affymetrix gene chip analysis for every gene examined. The mean magnitude difference was 1.58 Ϯ 0.36fold greater for RT-PCR (Table 17 ). 
DISCUSSION
Sepsis has been characterized as the presence of the SIRS in response to invasive infection. However, the clinical manifestations of SIRS can result from diverse etiologies, including but not limited to, infections, trauma, pancreatitis, ischemia-reperfusion injury, and burns. These clinical manifestations represent a hyperinflammatory physiologic derangement that is nonspecific to the initiating disease and can present diagnostic and therapeutic challenges. These challenges are not without consequences; the mortality of sepsis is nearly twice that of uninfected SIRS. 2 Furthermore, the nonspecific SIRS phenotypic expression belies the possible complex interactions of unique underlying pathophysiologic processes specific to the initiating disease. The purpose of this study was to determine if a unique septic genotypic profile exists that is different from acute noninfectious inflammation and if it occurs prior to expression of the septic phenotypic profile. We were able to identify specific genes and pathways that could be functionally categorized and form the basis of the earliest specific human responses to pathogens.
There are numerous gene expression differences between septic patients and normal volunteers. Calvano et al 4 demonstrated differential gene expression for 3714 unique genes in human volunteers given a single dose of LPS. Both up-and down-regulation of gene expression was noted between groups. Spatio-temporal changes were evident as a classic inflammatory "ebb and flow" response occurred over time following LPS injection, ultimately abating by 24 hours postinjection. Using univariate analysis, we found 12,783 or 23.4% of the analyzed gene probes corresponding to 7453 unique genes were differentially expressed between septic and uninfected SIRS patients prior to the appearance of clinical sepsis. Since both groups of patients demonstrated a 24 Polymicrobial infections in intensive care units may also have contributed to increased differences in gene expression since differences are known to occur for gram-positive versus gram-negative infections. 25 We expected that a large number of differentially expressed genes may in part be related to an implicit false discovery incidence. Therefore, prior to pathway annotation, we applied very strict acceptance criteria involving univariate and multivariate analysis coupled with minimum criteria for median fold change. The P value for each variable represents the false discovery probability for that variable by univariate analysis. By applying minimum threshold acceptance criteria, additional multivariate probability analysis, and subsequent pathway annotation, the false discovery rate was reduced to essentially nil while increasing the possible false negative rate. Using this high specificity approach, we demonstrated that 459 unique genes were differentially expressed prior to clinical sepsis. These 459 unique genes formed the basis of our subsequent pathway analysis. Functional annotation of these genes using DAVID 2.0/EASE provided pathways that were overrepresented relative to random distribution. This approach resulted in a high degree of certainty that genes and pathways identified were indeed present. Based on this ap-proach, 11 functional pathways were identified, of which 10 were closely associated with inflammation and response to infection. As an indication that our process was accurate, we did not find any pathways related to cancer, cardiovascular disease, or development. The 10 identified inflammatory pathways could be grouped into 4 distinct themes: innate immunity, cytokine receptors, T cell differentiation, and protein synthesis regulation.
Innate immunity is a teleologically primitive, highly conserved early response to pathogens. Pathogens are recognized by specific pathogen recognition receptors, of which the TLRs are the best characterized. 26, 27 There are currently 11 TLR identified, with TLR-2 and TLR-4 recognizing gram positive and gram negative bacteria, respectively. 28 We observed that increased expression of TLR-2, TLR-4, and TLR-5 occurred up to 24 hours prior to clinical sepsis. In addition, the accessory proteins for gram-negative and grampositive pathogen recognition and processing, MD2 and peptidoglycan recognition protein, respectively, were also upregulated at this time point. Closely associated with TLR gene up-regulation was the up-regulation of genes involved with intracellular signal transduction via the IRAK and MAPK pathways. The IRAK family is involved in MyD88dependent TLR signaling 29 and IRAK-4 deficient mice are unresponsive to TLR activation. 30, 31 Signal transduction via the IRAKs leads to NF-␤ activation and subsequent cytokine production. 32 Interestingly, downstream effector genes (CCL5 and CD86) were down-regulated at T36 but not at the T12 time point suggesting normalization of early downstream down-regulation.
A major mechanism for intracellular signal transduction involves the mitogen-activated protein kinase (MAPK) canonical pathways. By repetitive protein phosphorylation, this trio of signaling cascade pathways are critical for the transmission of activated cell surface receptor signals to invoke multiple regulated intracellular processes. MAPK14 (p38) is the terminal MAP kinase involved in the p38/HOG pathway and is closely associated with MAPK kinase 6 (MAP2K6). Upon activation, p38 translocates from the cytosol to the nucleus where it is responsible for regulating the expression of multiple cytokines, cell surface receptors, and transcription factors. 33 Up-regulation of MAPK14 (p38) occurred up to 48 hours prior to clinical sepsis and was the predominant MAPK pathway activated and consistent with innate immunity activation. This is similar to the finding of increased p38 activity early after cecal ligation and puncture induced sepsis observed by Maitra et al. 34 Based on our findings, it is apparent that sepsis increases gene expression for TLRs and p38 MAPK pathways compared with uninfected inflammation and these changes occur early, prior to clinical sepsis.
The ability of cytokines to induce functional changes is dependent on the presence of transmembrane receptors capable of initiating intracellular signaling in response to binding of an appropriate ligand. 35 Regulation of the intracellular signaling can be ligand and/or receptor oriented. Ligands can be available systemically, but receptors are only expressed on specific cells or clonal lines. Therefore, differential receptor regulation can allow highly specific and localized cellular activations. This would be important when attempting to compartmentalize an invasive infection. 36 Consistent with this concept, but unlike others comparing sepsis with normal patients, 37, 38 we found no significant increase in common inflammatory cytokines (TNF, IL-1, IL-2, IL-6, IL-10, etc.) between uninfected and infected SIRS patients. The cytokine ligands differentially expressed appeared unfocused and associated with diverse functions including ligands related to apoptosis (TNFSF10/TRAIL), B cell survival (TNFSF13B/ BAFF), and extracellular matrix degradation (oncostatin M). Sepsis induces changes in the extracellular matrix (ECM) by increasing matrix metalloproteinase-9 and reducing tissue inhibitor of metalloproteinase-1. 39, 40 Oncostatin M, an IL-6 family cytokine, increases MMP-9 and degrades the ECM, 41 suggesting a role in early sepsis induced ECM changes. As opposed to diffuse cytokine ligand activation, a more focused group of cytokine receptors, including the IL-1R family of receptors and the interferon receptors, were differentially expressed. Similar to others, we noted up-regulation of the IL-1 receptor family (IL-1R1, IL1R2, TLR, IL-18R) with downstream IRAK, MAPK, and NF-␤ gene expression up-regulation. 42 Specific downstream intracellular signaling gene expression up-regulation was observed for IL-22 receptor pathway activation, which involves the Jak/STAT signal transduction cascade but also the inhibitor of cytokine signaling (SOCS3). SOC3 attenuates pro-inflammatory signaling and inhibits the expression of MHC II molecules. 43 The observations of our study support the concept that receptor, more than ligand, regulation and expression are critical early in complex and highly specialized processes such as sepsis.
T helper cells can be divided into 3 subsets (T H 0, T H 1, T H 2) depending on their cytokine production profile and immunologic response. T H 1 cells are characterized by increased interferon, IL-12, and IL-18 with a cell-mediated immunity response preferentially directed at intracellular organisms. T H 1 cells depend on T-bet and JAK/STAT (STAT1, 3, 4, 5) signaling pathways for cytokine production and differentiation. 44, 45 MAP2K6 and p38/MAPK pathway play important signaling roles in IL-12 induced STAT4 activation. 46 T H 2 cells are characterized by increased IL-4, IL-5, and IL-13 with an allergic immune response, especially against parasitic infections. T H 2 cells depend on GATA3 and STAT6 for cytokine production and differentiation. T H 0 cells are naive T helper cells with potential to differentiate into either T H 1 or T H 2 cells depending on cytokine influences. 47 Our data support the preferential differentiation of T H 0 cells into T H 1 cells based on up-regulation of interferon receptors, IL-18 receptors, and p38/MAPK and JAK/STAT pathway components.
The role of apoptosis is fundamental to multiple normal and pathologic conditions. Apoptosis is the process of programmed cell death characterized by an inherent lack of inflammation. 48 Multiple interacting pathways with complex, often paradoxical, patterns are the hallmark of apoptosis. Fundamental is the balance between pro-apoptotic mediators (FAS, Caspases, and Bax) and anti-apoptotic or cell survival mediators (BCL-2, PI3K, and NF-␤). 49 Early pro-apoptotic cell surface activation was demonstrated by increased gene expression for FAS (CD95), TNFSF10A (TRAIL), and TIFA with down-regulation of the FAS inhibitor, TOSO. FAS and TRAIL separately activate initiator caspases, such as caspase 4, via the FAS associated death domain. 50 Decreased expression of TOSO, an inhibitor of apoptosis, is consistent with pro-apoptosis. The serine/threonine kinases (STK3, STK17b) are associated with both caspase-dependent and caspaseindependent apoptosis, providing a bypass of caspase activation as well as amplification of caspase-induced apoptosis. 51 Alternative pathways for apoptosis activation are via calpain mediated increased intracellular Ca ϩϩ concentration, and GADD45A (but not GADD45B) induced translocation of the pro-apoptotic protein BIM into mitochondria. 52 We noted increased gene expression for STK3, STK17B, CAPNS2, and GADD 45A as evidence that pro-apoptosis activity was present by caspase-dependent and caspase-independent mechanisms.
We also found evidence of up-regulated anti-apoptotic gene expression, most notably for NF-␤. NF-␤ favors cell survival by decreasing apoptosis 53, 54 and has been associated with SIRS, sepsis, and organ dysfunction. 46, 55 Indirectly, NF-␤ decreases apoptosis by suppressing JNK/MAPK pathway via GADD45B (but not GADD45A) inhibition of MKK7/ JNKK2. 56 Increased GADD45B gene expression in our study might explain the absence of JNK signaling gene expression. An additional mechanism for anti-apoptotic activity was up-regulation of PI3K signaling pathway. PI3K signaling via PDK1 induces AKT activity, thereby promoting cell survival under apoptotic conditions. 57, 58 Finally, BCL-2A is a key component of cell survival and was strongly up-regulated. Our study suggests that sepsis has increased expression of multiple antiapoptotic genes that support cell survival. We could not, however, distinguish whether apoptosis or cell survival predominated, which is probably related to preferential development of specific cell lineages. Both pro-apoptotic and anti-apoptotic pathways were up-regulated prior to clinical sepsis.
Functionality of gene expression requires transcription products to undergo translation into proteins. Both p38/ MAPK14 and PI3K pathways are involved with activation of translation proteins. A key step in the initiation of translation is the formation of eIF-4F from eIF-4G and eIF-4E, a process dependent on MKNK1 phosphorylation. 59 These provide bonding between the 5Ј cap and RNA helicase for subsequent protein synthesis. Our findings are consistent with early activation of protein synthesis machinery necessary for translation of RNA transcripts.
CONCLUSION
Using high-throughput oligonucleotide microarray analysis of critically ill SIRS patients, we demonstrated that sepsis has a unique gene expression profile that is different from uninfected systemic inflammation. These differences appear in themes embracing innate immunity, cytokine receptors, T helper cell differentiation, and protein synthesis. Furthermore, these genotypic differences occur prior to clinically apparent phenotypic changes and therefore may provide early diagnostic capabilities.
